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. K.Sato &MSato [4] Simple regular
( $\mathrm{S}\mathrm{R}$ ) word –
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\Sigma word $\text{ }w,$ $u,$ $v,$ $w_{1},$ $u_{1,1}v,$ $\cdots$ \Sigma word $\Sigma^{*}$ $\Sigma^{*}$
empty word $0$ ( $\lambda$ ) $\Sigma^{+}$ $\Sigma^{*}$
(language) $L$ , L’ $N=\{i|i\geq 1\}$ $w=uv(u, v\in\Sigma^{*})$
$u$ w prefix




$0$ , $w\not\in L_{i}$ .
$\Sigma^{*}\cross\{0,1\}$ $(w_{1}, t_{1}),$ ( $w_{2}$ , t2), $\cdot$ . . $L$ $L=\{w_{n}|t_{n}=$
$1,$ $n\geq 0\}$ $L^{c}=\{w_{n}|t_{n}=0, n\geq 0\}$ $-$
(,$\mathrm{I}\mathrm{n}\mathrm{f}\mathrm{e}\mathrm{r}\mathrm{e}\mathrm{n}\mathrm{C}\mathrm{e}$ Machine)
21 [3] $M$ $L$ $L$ $\sigma$
$M$ \mbox{\boldmath $\sigma$} $M$ $j_{1},j_{2},$ $\cdots$
$L_{j}=L$ $j$
Arikawa&Mukouchi [9] (RIIM )
22[9] RIIM $M$ $\sigma$ $\mathcal{L}$ ( ) $\sigma$
$M$ RIIM $M$ $\mathcal{L}$ $L$
$L$ \mbox{\boldmath $\sigma$}
(1) $L\in \mathcal{L}$ $M$ $\sigma$ $L$




$S,$ $T,$ $F\subseteq\Sigma^{*}$ $T\subseteq S$ $F\subseteq S^{\mathrm{c}}$ $S$ $I=(T, F)$
$S$ Sc
23 [8] $L$ $L$ $I=(T, F)$ $L$ $\mathcal{L}$
(pair of definite finite tell-tales. Pdflt) (1) $T,$ $F(\subseteq\Sigma^{*})$ (2) $L$
$I$ (3) $I$ ( $L\in L$ $L$ ) $\mathcal{L}$
229
$\mathcal{L}$ \Sigma $I=(T, F)$
econsc $(I)=\{$ 1,
$I$ $\mathcal{L}$
$0$ , $\mathit{0}.w$ .
24[9] $\mathcal{L}$ econ
$L\not\in \mathcal{L}$ $L$ $pd$]$\dot{t}t$
$(\mathrm{c}\mathrm{f}.[9])$ pdftt
Angluin [1]
25[1] $L$ $\mathcal{L}$ $T\subseteq\Sigma^{*}$ ( $\mathcal{L}$ ) (finite te -tale.
flt) T $L$ $T\subseteq L’\subsetneqq L$ $L’\in \mathcal{L}$
26[5] $\mathcal{L}$ $\mathrm{M}$- ( $\mathrm{M}$-finite thickness)
$T$ (1) $T$ $\mathcal{L}$ . (2) $L\in \mathcal{L}$ $T\subseteq L$
$L’\subseteq L$ $T$ $L’\in \mathcal{L}$
^ M-
27 [6] $\mathcal{L}$ M- $\mathcal{L}$
$econs_{\mathcal{L}}$ $L\not\in \mathcal{L}$
$L$ $ftt$
$\Sigma^{*}$ word $\{\cup, \cdot, *\}$ $n$ $\mathcal{L}_{\Sigma}(n)$
$\bigcup_{n=^{0^{\mathcal{L}}}}^{\infty}\Sigma(n)$




(2) $M$ $i$ $i$ ( )
3 —\Leftrightarrow =
word $(, ),$ $*,$ $\cdot$ ,
word $\Sigma$
word $abc\cdot(((bb)*+cbb))^{*}$ $abc,$ $bb,$ $Cbb$
word
31 $W\subseteq\Sigma^{+}$ prefix-free $W$ prefix
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32 $W\subseteq\Sigma^{+}$ simple prefix-free (SPF ) $u_{1},$ $u_{2}\in W(u_{1}\neq u_{2})$
head$(u_{1})\neq head(u_{2})$ $w\in\Sigma^{+}$ head$(w)$
3.3 SPF $W,$ $W’$
$W\preceq W’$ $\Leftrightarrow$ $W\subseteq W^{\prime+}$
34SPF $W$ $L$ (SPF) $L\subseteq W^{*}$ $W’\subsetneq W$
$L\not\subset W^{\prime*}$
$L$ $\mathcal{W}^{L}$ $(\mathcal{W}^{L}, \preceq)$
$\mathcal{W}^{L}$ ( ) $W_{inf}^{L}(W_{\sup}^{L})$ $L$ \Sigma
$\Sigma_{L}=$ { $u\in\Sigma|u$ $L$ word } $L$
$W\in \mathcal{W}^{L}$ $W\preceq\Sigma_{L}$ $\Sigma_{L}$
$\mathcal{W}^{L}$
$\Sigma_{L}=W_{\sup}^{L}$
35 $L$ $W,$ $W’\in \mathcal{W}^{L}$ $W$ W’
–
36 $L$ $(\mathcal{W}^{L}, \preceq)$
37 $L$ $W_{inf}^{L}=W_{inf}^{T}$ $T\subseteq L$
38 $L,$ $L’$ $L\subseteq L’$ $W_{inf}^{L}\preceq W_{inf}^{L’}$
$L$
Tanida &Yokomori [7] UPDATE
$\Sigma=\{a_{1}, \cdots, a_{n\tau}\},$ $L=\{w_{1}, \cdots, w_{n}\}$ SPF W $m$
$\mathcal{T}=(u_{1}, u_{2}, \cdots, u_{m})$ – $u_{j}\in W,$ $head(u_{j})=a_{j}$ $u_{j}=$
$\lambda$ $(j=1, \cdots, m)$ $W=\{u_{j}|1\leq j\leq m, u_{j}\neq\lambda\}$ $w$ $\mathcal{T}$
$u$’
$u,$ $v,$ $x\in\Sigma^{*}$
common-prefix$(Xu, Xv)=x$ , head$(u)\neq head(v)$
$\mathrm{r}\mathrm{e}\mathrm{m}\mathrm{o}\mathrm{V}\mathrm{e}-\mathrm{P}^{\mathrm{r}\mathrm{e}}\mathrm{f}\mathrm{i}\mathrm{x}(v, u)=$
Procedure UPDATE$(\mathcal{T}, x)$ $\mathcal{T}=(u_{1}, u_{2}, \cdots, u_{m})$
begin
if $x\neq\lambda$ then begin Let $a_{j}:=head(X)$ ;
if $u_{j}=\lambda$ then $u_{j}:=x$
else begin
$\alpha:=\mathrm{c}\mathrm{o}\mathrm{m}\mathrm{m}\mathrm{o}\mathrm{n}-\mathrm{p}\mathrm{r}\mathrm{e}\mathrm{f}\mathrm{i}\mathrm{x}(uj, x);\beta:=\mathrm{r}\mathrm{e}\mathrm{m}\mathrm{o}\mathrm{V}\mathrm{e}- \mathrm{P}^{\mathrm{r}}\mathrm{e}\mathrm{f}\mathrm{i}\mathrm{x}(uj, \alpha)$;
$z:=\mathrm{r}\mathrm{e}\mathrm{m}\mathrm{o}\mathrm{v}\mathrm{e}- \mathrm{p}\mathrm{r}\mathrm{e}\mathrm{f}\mathrm{i}_{\mathrm{X}(\beta}x,);u_{j}:=\alpha$ ;






$\mathcal{T}=(\lambda, \cdots, \lambda)$ $L$ word $w_{1},$ $w_{2},$ $\cdots,$ $w_{n}$
$\mathcal{T}$ $\mathcal{T}(w_{1}, w_{2}, \cdots, w_{n})$
39 $L=\{w_{1}, \cdots, w_{n}\},$ $\tau(w1, w_{2}, \cdots, w_{n})=(u_{1}, u_{2}, \cdots, u_{m})$
$\{u_{j}|1\leq j\leq n, u_{j}\neq\lambda\}=W_{\inf}^{L}$ .
310 $w_{1},$ $u_{2}$” $\cdots,$ $w_{n}$ UPDATE




K.Sato&MSato simple regular simple
regular
41 word $M=(Q, W, \delta,p_{0}, F)$ simple regular automaton( . SRA
) :
(1) $Q$ (2) W $SPF$ (3) $F\subseteq Q$ (4) $\delta$ $Q\mathrm{x}W$
$Q$ $u\in W$ $\delta(p, u)=q(p, q\in Q)$ $q$ 1
$q$ $u$ $q_{u}$
SRA $M$ $L$ simple regu $\iota_{ar}(\mathrm{S}\mathrm{R})$ . $\mathrm{S}\mathrm{R}$ $\mathcal{L}(SR)$
$P\in Q,$ $u,$ $v\in W$ $\delta$ $Q\cross W$ $Q\cross W^{*}$
42 $SRAM=(Q, W, \delta,p_{0}, F)$ reduced (1) $P\mathrm{o}$ . (2)
$P\in Q$ $P$ 2 (3) $q\in Q$
$\delta(p_{0}, v_{1})=q,$ $\delta(q, v2)\in F$ $v_{1},$ $v_{2}\in W^{*}$
M reduced $W$ $L(M)$
43[4] SRA $M$ $L(M)=L(M’)$ reduced SRA $M’$
$L$ $w\in\Sigma^{*}$
$[]=\mathrm{T}\mathrm{J}\subset 1$
$T_{L}(w)=\{v\in\Sigma^{*}|w\in\Sigma^{*}, wv\in L\}$ .
44(SR ) $L$ $\mathrm{S}\mathrm{R}$
$L$ $W$ :
$v_{1},$ $v_{2}\in W^{*},$ $a\in\Sigma,$ $w_{1},$ $w_{2}\in\Sigma^{*}$
$v_{1}aw_{1},$ $v_{2}aw_{2}\in L\Rightarrow T_{L}(v_{1}a)=T_{L}(v_{2}a)$
232
proof. $L\in \mathcal{L}(SR)$ $L(M)=L$ SRA $M=(Q, W, \delta, p_{0}, F)$
$v_{1}aw_{1},$ $v2aw2\in L(v_{1}, v_{2}\in W^{*}, a\in\Sigma, w_{1}, w_{2}\in\Sigma^{*})$ $v_{1},$ $v_{2}\in\Sigma^{+}$ $aw_{1}=$
$uw_{1}’,$ $aw_{2}=uw_{2}’$ head$(u)=a$ $u\in W,$ $w_{1}’,$ $w_{2}’\in W^{+}$ $u$
$p_{u}$ $\in Q$ $M$ SRA $\delta(p_{0}, v_{i}u)=\delta(\delta(P\mathit{0}, vi),$ $u)=Pu$ $(i=1,2)$ .
$T_{L}(v_{1}u)=T_{L}(v_{2}u)$ – $u=au’$ $(u’\in\Sigma^{*})$
$\{u’\},$ $TL(v_{1}a)=T_{L}(v_{1}u)=\tau_{L(}v_{2}u)=\{u’\}\cdot\tau_{L(v_{2}a)}$ $T_{L}(v_{1}a)=T_{L(}v_{2}a)$ .
$L$ $W$
W SPF $L\subseteq W^{*}$
: $v_{1},$ $v_{2}\in W^{*},$ $u\in W,$ $w_{1},$ $w_{2}\in W^{*}$
$v_{1}uw_{1},$ $v_{2}uw_{2}\in L\Rightarrow T_{L}(v_{1}u)=T_{L}(v_{2}u)$
$v_{1},$ $v_{2}\in W^{*},$ $u\in W$ $T_{L}(v_{1}u)$ , $T_{L}(v_{2}u)\neq\phi$ $T_{L}(v\sim)=$
$T_{L}(v_{2}u)$
$\circ$ $\{T_{L}(u’)|w\in\Sigma^{*}, T_{L}(w)\neq\phi\}$ $(m+1)$
$L$ SRA $M=(Q, W, \delta, p0, F)$ :
(1) $Q=\{p_{0}\}\cup\{p_{u}|u\in W\}$
(2) $F=\{p_{u}|u\in W, \exists v\in W^{*}, s.t. \lambda\in T_{L}(vu)\}$
(3) $\delta$ : $u\in W’$ $T_{L}(u)\neq\phi$ $\delta(p_{0}, u)=$
$u,$ $u’\in W$ $T_{L}(vuu^{J})\neq\phi$ $v\in W^{*}$ $\delta(p_{u}, u’)=p_{u’}$
$M$ SRA $L(M)=L$ 1
Angluin [2] k-reversible
k-reversible $L$ $u_{1}vw,$ $u_{2}vw\in L,$ $|v|=k$ $T_{L}(u_{1}v)=\tau L(u_{2}v)$
(cf. [2]) $R_{k}$ $k$ -reversible
4.5 $k\geq 0$ $L\not\in R_{k}$ $L\in L(SR)$
46(SR ) $L(SR)$ , $*,$ $+$
5 $\mathrm{S}\mathrm{R}$
$\mathrm{S}\mathrm{R}$
$T=\{w_{1}, \cdots, w_{n}\}$ SRA $M_{T}=(Q\tau, W\tau, \delta T,p_{0}, \tau\tau)$





for $i=1$ to $n$
begin
if $w_{i}=\lambda$ then $F_{T}:=F_{T}\cup\{p_{0} \}$
else begin $w_{i}=u_{k_{1}}\cdots u_{k_{l}}$ ; $QT:=Q_{T}\cup$ $\{ p_{u_{k_{j}}}|j=1, \cdots, l\}$ ; $(u_{k_{j}}\in W_{T},j=1, \cdots, l)$









5.1 CONSTRUCT $w_{1},$ $w_{2},$ $\cdots,$ $w_{n}$
$T$ CONSTRUCT $M_{T}$




proof. 53 $\mathcal{L}(SR)$ M- 2.7 (1)
(2) :
(1) $L\not\in L(SR)$ $ftt$
(2) $econs_{\mathcal{L}(R)}g$ $\circ$
(1): $L\not\in \mathcal{L}(SR)$ $L$ $L$ $ftt$ $L$
$w_{1},$ $w_{2},$ $\cdots$
$L$ $T_{n}=\{w_{1}, \cdots, w_{n}\}$ $M_{T_{n}}$ $M_{n}$
$5.2\text{ }T,\text{ _{ }}$
$n\in N$ $T_{n}\subseteq L(M_{n})$ $L(M_{n})\subseteq L(M_{n+1})$ 3.8
. $W_{inf}n=W_{inf}^{L}$ $n’\in N$ $n\geq n’$
$W_{inf}^{T_{n}}=W_{\mathrm{i}nf}^{T_{n}\prime}$
$T_{n}$ $M_{n}$ $M_{n’}$ $M_{n}$
$M_{n’}$
SRA $L(M_{n})\in L(M_{n+1})$ $n$
$n$
.
$\geq n_{0}$ $L(M_{n})=L(M_{n_{0}})$ n0 $(\geq n’)$
$n\in N$ $T_{n}\subseteq L(M_{n_{0}})$ $L\subseteq L(M_{n_{0}})$ – 5.2 $L(M\tau_{0})$
$T_{n_{0}}$
$\mathrm{S}\mathrm{R}$ $T_{7\iota_{0}}$ $L$ $ftt$
(2): $I=(T, F)$ 52 $L(M_{T})$ $T$ SR
:
$econs_{\mathcal{L}(}sR)(I)=1$ $\Leftrightarrow$ $L(M_{T})\cap F=\emptyset$
$F$ $econs_{\mathcal{L}()}SR$ 1
$L$ $L$
Refutable Identification Algorithm RIA
begin
$T:=\phi;F:=\emptyset;Q_{T}:=\{p0\};W_{T}:=\emptyset;\delta_{T}:=\emptyset;F_{T}:=\emptyset$ ;
$\mathcal{T}:=(\lambda, \cdots\lambda))$ ; %
repeat
let $M_{T}=(Q_{T}, W_{T}, \delta_{T}, p0, F\tau)$ be the current SRA;
read the next example $(w, t)$ ; %
if $t=0$ then begin %
$F:=F\cup\{w\}$ ;
if $W\in L(M_{T})$ then stop %




if $W\in L(M_{T})$ then output $M_{T}$ %
else begin % $T$ $M_{T}$
$T:=T\cup\{w\}$ ;
ccaallll UPDATE$(\mathcal{T}, w)$ ;
ccaallll CONSTRUCT $(\mathcal{T}, T)$ ;
if $F\not\in L(M_{T})^{c}$ then stop % $M_{T}$





K.Sato &M.Sato [4] $\mathrm{S}\mathrm{R}$
IA $F\subseteq L^{C}$ check
$L\in \mathcal{L}(SR)$ $L$ $L\not\in \mathcal{L}(SR)$
$T$ SRA $T$ $\mathcal{L}(SR)$
SRA $F$
$\circ i$ $(w_{i}, t_{i})$ $t_{i}=1$
$O(Nm)$ $(N= \sum_{j=1}^{i}|w|, m=|\Sigma|)$ $(_{\mathrm{C}}\mathrm{f}.[4])$ $F\subseteq L^{\mathrm{c}}$
$F=\{w_{j}|j\leq i, t_{i}=0\}$ $Nm+|F|\leq Nm+N\leq 2Nm$
$O(Nm)$ $t_{i}=0$ $F\subseteq L^{c}$ RIA
$O(Nm)$
55 $RIA$ $SR$ $L(SR)$
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